INTRODUCTION
aquatic organisms are subject to anthropogenic and natural stresses (Rapport et al., 1983) . Species able to survive under these conditions have developed different life history strategies: they are often "r" strategists with high growth rates (lahr, 1997) , have a high tolerance towards large fluctuations in abiotic factors such as desiccation (alekseev et al., 2007) and early maturity (Roff, 2001) , to name a few. Several species of ostracods have the above mentioned characteristics (Vandekerkhove et a.l, 2013) .
ostracods date back to the ordovician period (Williams et al., 2008) ; these organisms have valves that protect them and also preserve well for long periods of time, hence their wide use in paleolimnology (Carbonel et al., 1988) . they live in benthic and littoral habitats (delorme, 1991) , are detritivores, grazers and, a few are filter feeders. their density is mainly related to available resources (diner et al., 1986) , and since ostracods can survive long periods of drought (upto, five weeks; Horne, 1993) they may be early colonizers and therefore can affect the availability of resources for future communities (diner et al., 1986; dodson et al., 2005) . they are highly tolerant because they inhabit different types of environments, from hot springs to lakes in the arctic (delorme, 1991; Külköylüoğlu et al., 2007) . Some studies on ostracods have examined different features that allow them to remain in aquatic systems, for example, Rossi et al. (2013) and Vandekerkhove et al. (2013) show that Heterocypris incongruens and Eucypris virens exhibit a high viability in egg resistance to different stresses such as hypoxia, insecticides, digestive enzymes, high salinity, and UV radiation. Horne (1993) and aguilar-alberola and mesquita-Joanes (2011) also show that juvenile and adult Candona patzcuaro and Heterocypris bosniaca can live in dry soil for up to 5 weeks.
in addition, there are other inter-specific relationships that help species persist in a given environment, such as symbiosis, mutualism and facilitation (Begon et al., 2006; Gross et al., 2010) . However, with the increased degradation of habitats, changes in inter-specific interactions can occur; facilitation is one of the relationships that occurs in the short term and is therefore not often considered in ecological theories, but there are authors who suggest that it is a fundamental process in physically stressed (Bruno et al., 2003; Bruno and Kennedy, 2007) . Facilitation occurs when an organism builds a favorable habitat for other organisms directly or indirectly, by reducing the stress or increasing the flow of resources (Bruno et al, 2003; Rodriguez, 2006; Gross et al., 2010) . different species of the same or different taxa occur in space and time; Brachionus calyciflorus and B. havanaensis are frequently reported together in eutrophic tropical systems (alva-martínez et al., 2009) . With regard to this study, Heterocypris incongruens (ostracoda) and Simocephalus vetulus (Cladocera) often co-occur in temporary bodies of water, shallow ponds and fountains (Juárez-Franco et al., 2009; Fernández et al., 2012) . in degraded environments, positive interactions such as facilitation, could be an additional cause for organisms to remain in such conditions. the relationship between cyanobacteria and planktonic and benthic microcrustaceans has been studied extensively, mainly focusing on Cladocera and Copepoda (tillmanns et al., 2008) and to a lesser extent on rotifers (alva-martínez et al., 2007) and ostracods (Fernández et al., 2012) . While cyanobacterial blooms may explain the low species diversity of zooplankton and phytoplankton (Harper, 1992) , there have been recent revisions questioning the effects of these blooms on various organisms (Wilson et al., 2006; tillmanns et al. 2008) . Some species of ostracods consume cyanobacteria efficiently; for example, Eucypris virens (Wickstrom and Castenholz, 1985) , Cyprinotus carolinensis (Grant et al., 1983) , and H. incongruens (Fernández et al., 2012) . Quantifying the changes in demographic variables allows us to understand how organisms adapt to consuming cyanobacterial diets. eutrophic water bodies are characterized by dense cyanobacterial blooms and dense fish population stocks (Gliwicz, 1990; Harper, 1992) .
in this paper the demographic responses of H. incongruens under the following conditions were examined: i) in the presence or absence of S. vetulus; ii) in the presence or absence of fish kairomones; and iii) with four diets, Scenedesmus, Limnothrix sp. and two strains of Microcystis sp. a and B (toxic and non-toxic); controls for each treatment were established. assuming that the ostracod is highly tolerant to stressors, we expected that the demographic variables such as survival and fecundity of Heterocypris incongruens would be similar to the controls in spite of stressors such as low quality diet, coexistence with another organism, and stress from predator stimulii.
METHODS

Plankton culture
the test crustacean species were collected from lake Xochimilco (mexico City, mexico). they were maintained under laboratory conditions with moderately hard water (0.9 g of naHCo 3 , 0.6 g of CaSo 4 , 0.6 g of mgSo 4 and 0.04 g of KCl dissolved in 1 l of distilled water; Clesceri et al., 1998) , at 25±1°C, and were fed Scenedesmus acutus (1.0×10 6 cells ml -1 ) in one liter beakers and cultures changed twice a week. Before the commencement of the demography experiments, we progressively changed their diet from S. acutus to mixed diets containing cyanobacteria Microcystis sp. and Limnothrix sp. this dietary change was performed for 10 days prior to initiating the experiments in order to acclimatize the crustaceans.
We obtained the dominant cyanobacteria using different pore-sized meshes (500, 100, 50 and 20 µm) to separate the colonies and filaments. We established non-axenic cultures and exposed them to diffused fluorescent light continuously for 15 days. agglomerated cultures were sonicated for two minutes with an ultra-sonicator (Branson Sonic Power with 20 kHz intensity) (Pérez-morales et al., 2014) . Since the diet had different sizes we offered dry weight equivalents at a final density of 23.2 µg ml -1 per day (mayeli et al., 2004) . We tested the cyanobacterial toxicity following lampert (1987) . the strain Microcystis sp. from Chapultepec lake was toxic (Fernández et al., 2014) . therefore, to differentiate the two strains of Microcystis we used the adjectives toxic to that obtained from Chapultepec lake and non-toxic to the one obtained from Xochimilco lake. We follow this for the rest of the document. in order to obtain fish kairomones, we used three Oreochromis sp. fish (size ~ 4 cm), one of the most common fish species in the freshwater bodies of mexico. they were fed daily, each with 100 individuals of H. incongruens and S. vetulus (studies indicate that the alarm signals are produced when predators are fed with conspecific prey; Stabell et al., 2003) . the fish were kept in a three liter aquarium with two l of moderately hard water. We filtered the water with a 0.2 µm mesh size and transferred the fish to a fresh medium daily.
Life table
We followed a full factorial design: i) four diets: S. acutus (control), Microcystis sp. (toxic), Microcystis sp. (non-toxic), Limnothrix sp.; and for each diet ii) without kairomones and cladocerans (control), with kairomones, without kairomones + S. vetulus, with kairomones + S. vetulus; a total of 16 treatments, each with four replicates. the experiments were conducted in 100 ml transparent containers with 50 ml of the appropriate medium with respect to the algal diet and the presence of cladocerans and /or fish kairomones. into each recipient we introduced 10 neonates <24-hours-old, of only the ostracod. in the treatment to test the impact of cladocerans on H. incongruens we introduced 5 individuals of ostracods and cladocerans, in order to maintain the same initial density. the medium was changed daily; the neonates and dead individuals when encountered, were counted and removed while the where l x is the probability of an individual surviving to an age class; m x is the age specific fecundity; T x is days survived after age x; n x is the number of individuals surviving at the beginning of age class x; e x is life expectancy at age x; R o is the average number of offspring per female; r is the growth rate of the population. We compared the demographic variables on each diet and each treatment (presence of cladocerans and or fish kairomones) for statistical significance using F-test and Holm-Sidak test (Sigma Plot, ver. 11.0, Systat Software, inc., Richmond, Ca, USa).
RESULTS
Heterocypris incongruens had a long life span ranging from 40 to 60 days. the survivorship curves showed that the initial mortality of H. incongruens was lower on an exclusive diet of Scenedesmus or of either cyanobacteria as compared to phytoplankton with cladocerans, fish kairomones or both (Fig. 1) . Regardless of the diet, chlorophyte or cyanobacteria, the ostracods showed improved survivorship in the presence of cladocerans, fish kairomones or both. the presence of fish kairomones, on average, resulted in an increase in survivorship; only 20% of the ostracods died before first reproduction (within 15 days). on a diet of Microcystis sp. a, the ostracods died earlier in the controls than in the presence of the cladocerans or kairomones. the survival patterns on a diet of Microcystis sp. a but in the presence of cladocerans resulted in an earlier demise of the population (Fig. 1) . the reproductive cycle of Heterocypris incongruens can be divided into three phases, pre-reproductive (prior to maturity), reproductive (most of the population is reproducing) and post-reproductive (most of the population ceases to reproduce) with the duration of each phase depending on the treatment (Fig. 2) . Reproduction began generally ten days after hatching and about 60-100% of the population reached this phase. the post reproductive phase was longest on diets containing Scenedesmus and shortest on toxic Microcystis. the pre-and post-reproductive phases varied in H. incongruens with relation to the diet (Fig. 2) . the impact of the treatments on the pre-reproductive phase was less than that on the post-reproductive phase. the presence of fish kairomones, regardless of the diet, generally improved the reproductive output especially on a diet of Limnothrix. the presence of cladocerans also resulted in an improved fecundity, particularly on diets of the toxic and non-toxic strains of Microcystis.
life expectancy and reproductive variables are shown in Fig. 3 . the mean life span of ostracods ranged from 23 to 43 days, the longest life span was observed in the treatments with the presence of cladocerans (P<0.001), especially with consumption of Microcystis sp. a (toxic). the life span of H. incongruens with cladocerans was 24±2 days, and without cladocerans the life expectancy increased by 25% on the same diet (Fig. 3) . the gross reproductive rate was often not significantly different from the controls except on diets of S. acutus and Limnothrix where it was significantly lower in the presence of cladocerans (P<0.01, F-test). the net reproductive rate, on the other hand, was significantly higher as compared to the controls especially in the presence of cladocerans, fish kairomones or both (P<0.01, F-test). the presence of fish kairomones and/or cladocerans resulted in an increase in the net reproductive rate of H. incongruens on a diet of both strains of Microcystis. the population growth rate ranged from 0.10 to 0.15 d -1 . it was significantly higher on treatments exposed to cladocerans, fish kairomones or both, especially on diets of toxic or non-toxic Microcystis and Limnothrix. the age at first reproduction was also significantly earlier (P<0.01, F-test), particularly in the presence of fish kairomones (Fig. 4) .
DISCUSSION
eutrophic water bodies are often beset with multiple stressors (Harper, 1992) , particularly for zooplankton due to two main reasons: i) they commonly exhibit cyanobacterial blooms which are considered unsuitable food for zooplankton (Gulati, 1990) ; ii) dense populations of zooplanktivorous fish feed voraciously on zooplankton, especially those of larger size such as Daphnia (Gliwicz, 2003) . many eutrophic systems are temporary and/or shallow, and exhibit large fluctuations in physical and chemical factors (moss et al., 1996) . even under these conditions, several taxa are abundant (lampert, 1986; tillmanns et al., 2008) , especially various species of os-N o n -c o m m e r c i a l u s e o n l y tracods (i.e. mezquita et al., 1999; Külköylüoğlu et al., 2007; Vandekerkhove et al., 2013) .
Consumption of cyanobacteria by ostracods has not been widely studied, although a few studies report that they can be ingested without affecting their demographic variables (Grant et al., 1983; Fernández et al., 2012) ; moreover, consumption can be voracious (Wickstrom and Castenholz, 1985) . in the present study, the diet that most influenced the population parameters of Heterocypris incongruens was a toxic strain of Microcystis sp. a, decreasing survival rates and raising its net reproductive rate. even with decreased survival rates, population growth was not lower compared to the controls. Wilson et al. (2006) conclude that in 70% of the cases studied, the microcystins had no effect on population growth and the most affected parameter was survival. this could be due to the following reasons: i) the maturity of the organisms is advanced and therefore their reproductive stage was more extensive (Roff, 2001) ; or ii) the survival of the organisms was not affected in the period previous to age at maturity and during reproduction, which allows a large percentage of the population reaching that stage to reproduce at least once. the data obtained in this study support the latter assumption, reporting that 50% of the organisms reached maturity, and the same percentage was obtained with Scenedesmus (control diet).
With the non-toxic strain of Microcystis sp. B, no adverse effects were observed in the derived demographic variables. this strain was collected from one of the canals of Xochimilco close to the collection site of H. incongruens which was used in this test. Studies on zooplankton suggest that populations develop tolerance to toxicity (Hairston et al., 1999; Gustafsson and Hansson, 2004; Sarnelle and Wilson, 2005; Sarnelle et al., 2010) and/or adaptations in ingesting cyanobacteria (i.e. iyer and Rao, 1998), if they face constant exposure to these diets. the (Fernández et al., 2014) are congruent with the analyses of Wilson et al. (2006) . on the simultaneous consumption of cyanobacteria by the zooplankton, works undertaken have focused on the competition between species, and it is worth noting that the organisms utilized belonged to the same taxa; these studies generally conclude that one species excludes the other due to competition (alva-martinez et al., 2009 ) because they share similar characteristics in their life cycles and utilize their food resource in the same form. in this study, organisms from different taxa were used, H. incongruens (ostracoda) and S. vetulus (Cladocera), because both species frequently co-occur in temporary water bodies, shallow water, ponds and fountains (Juárez-Franco et al., 2009; Fernández et al., 2012) . Both organisms have similar feeding habits, but different life cycles.
the data obtained in this study show differences in the response of the demographic variables of H. incongruens when exposed to the cladoceran. in the presence of cladocerans, H. incongruens responded with a longer life expectancy and increased survival rates in the pre-reproductive stage, with an increase of 20% compared to controls. these responses have been explained as the result of a competition (Hebert, 1982; Feniova and Budaev, 2006) , but S. vetulus benefitted in its population growth as did the ostracod. it has been documented that resource partitioning does help in the coexistence of species (legeżyńska, 2008) . Fernández et al. (2012) observed S. vetulus feeding on the feces of H. incongruens, and although there have been no studies on the nutritional composition of the excreta, their observations suggest that the process of ingestion and digestion reduced or eliminated the toxicity of Microcystis and hence allowing the cladocerans to consume and grow on this fecal diet. this type of relationship is known as indirect facilitation (Bruno et al., 2003; Rodriguez, 2006) . it should be noted that the densities of the diets used here, were similar to those in the lakes from which the test species were collected (dry weight of 23.2 µg•ml -1 ), and therefore it is possible that there may be competition when food is scarce. our previous study indicates that the ostracods did not feed on the cladocerans; the growth rate of Simocephalus vetulus, on the other hand, was higher in the presence of H. incongruens (Fernández et al., 2014) .
Yet another factor considered in this study was the impact of vertebrate predators via chemical cues in the medium, the kairomones (Hanazato, 1995) . We ensured that the fish used for obtaining kairomones consumed all provided prey (50% of cladocerans and ostracods 50%) to obtain the same predation caused stress. it is common in zooplankton that a large percentage of the population dies in the early stages of its life cycle before reproducing. this pattern was observed in the controls when 50% of the population died in the first days, and this pattern becomes modified by treatment with conditioned-medium that includes fish kairomones, where data exhibits that about 80% of the population was alive during the beginning of their reproductive stage; similar trends were reported in Heterocypris reptans (mclay, 1978) . Coupled with the consumption of Microcystis sp. a (toxic), the ostracods reached maturity in about ten days, which is equivalent to a one week advance with respect to previous results (Fernández et al., 2012) . orienting biological efficiency has been well documented as a response to predation by zooplankton (Hanazato et al., 2001; Roff, 2001) . the anticipated benefit due to reproductive maturity was observed in the treatment of Microcystis sp. a (toxic) + fish kairomones, which yielded a population growth of 0.20 individuals day -1 ; this growth rate was the highest obtained for this organism in this study. it has been observed that organisms under stress mature and reproduce faster (Hanazato et al., 2001) and in this treatment the ostracods faced three different stress factors, toxic food, indirect presence of predators and the presence of competitors.
CONCLUSIONS
Species of the genus Heterocypris have been recorded in different places with very different environmental conditions (mezquita et al., 1999; Petkowski et al., 2000; Rossi et al., 2013) , and H. incongruens can be considered as cosmopolitan or a widely distributed species (mezquita et al., 1999) . they are able to sustain dense populations in places with several stressors acting upon them simultaneously, as in eutrophic or temporary water bodies. our study highlights their ability to withstand multiple stressors. Considering their ability to consume cyanobacteria, they can perhaps be used effectively for controlling cyanobacteria in eutrophic environments worldwide.
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